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© Manufacturing method for a multilayer wiring board. 

(s?) A method of manufacturing a multilayer wiring board is provided in which interlayer connection is 
made between a first electric circuit and a second electric circuit, both electric circuits being formed on 
a substrate. Firstly a metal layer is applied onto the substrate and a photoresist is deposited onto the 
metal layer. Then the photoresist is partially removed to produce a resist hole and the remaining 
photoresist is selectively exposed in accordance with the desired pattern for the first electric circuit 
Next a conductive pillar is formed in the resist hole, followed by the removal of the exposed remaining 
photoresist to reveal corresponding regions of the metal layer below. These regions of the metal layer 
are then etched to partly expose the substrate and to form said first electric circuit All remaining 
photoresist is removed and an insulation layer is deposited on the first electric circuit, the exposed 
substrate, and the conductive pillar, such that only one end of the conductive pillar remains exposed. 
Then a second metal layer is deposited on the surface of the insulation layer and the exposed end of the 
conductive pillar to form the second electric layer cirrcuit 

The above method facilitates accurate alignment between the first wiring circuit and the conductive 
pillar and hence enables high density circuits to be achieved. It also reduces the number of 
manufacturing steps required since the same photoresist layer is used in both the resist hole formation 
step and the circuit pattern formation step. 
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This invention relates to a method of manufactur- 
ing a multilayer wiring board, and more particularly to 
a method of forming an interlayer connection in such 
a multilayer wiring board. The method is useful in a 
variety of technical areas, for example in the manufac- 
ture of multilayer printed circuit boards for use in com- 
puters that require high density packaging. 

There exist several techniques for forming an 
interiayer connection during manufacture of thin film 
multilayer wiring on an organic substrate composed of 
materials such as epoxy resin. Two such techniques 
are the insulation layer etching method and the plating 
pillar method. The steps involved in the insulation 
layer etching method are shown in Figure 3 (a) to (g). 
In this method a conductor layer 11 is formed on a 
substrate 10 having an insulation layer (Figure 3 (a)). 
Then, photoresist 12 is blanket applied onto the con- 
ductor 11, and selectively exposed and developed 
(Figure 3 (b)). Next the conductor 1 1 is selectively 
etched to form a lower layer wiring circuit 13 on des- 
ired portions of the substrate Figure 3 (c)), and 
remaining photoresist 12 is removed (Figure 3 (d)). A 
insulation layer 14 comprising photosensitive resin is 
then deposited on the lower layer wiring circuit 13 
(Figure 3 (e)), and a via 15 is formed by etching (dry 
etching or wet etching), or pattern exposure and 
development, in order to expose an area of the lower 
layer wiring circuit 13 (Figure 3 (f)). Then, by means 
of a ftlm forming technique, such as electroless plat- 
ing, evaporation, or sputtering, a upper layer wiring 
circuit 16 is deposited on the insulation layer 14, in the 
via 15, and on the exposed area of the lower layer wir- 
ing circuit 13 (Figure (g)). Multi-layer wiring can be for- 
med on the organic substrate through repeated 
formation of the insulation and the wiring layers. 

PUPA (Published Unexamined Patent Appli- 
cation) No. 51 118390 describes a process in which 
a polyimide film is formed on the surface of a wiring 
substrate with Al wiring conductor disposed on it 
Then an organic Al compound layer is formed on the 
surface of the polyimide film, parts of the Al compound 
layer are selectively removed from the polyimide film 
so as to form through holes therein, and a second con- 
ductor layer of Al is formed in the through-holes to 
form a predetermined multi wiring structure. 

PUPA No. 58-93298 describes a lower layer wir- 
ing pattern that is produced by forming a wiring con- 
ductor layer on a substrate, and then forming a resist 
layer thereon. Next the resist layer is partly removed 
to form through-holes and an interlayer insulation film 
constituting multi-layer wiring is formed by using a 
polyimide based resin. A resist film is then formed on 
the insulation layer, connecting through-holes are for- 
med by partly removing the resist film, the insulation 
layer is baked and upper layer wiring is formed on the 
resulting insulation layer. 

PUPA No. 60-180197 describes multilayer wiring 
patterns that are produced by forming a first layer wir- 



ing pattern on an insulation substrate, forming a 
photopolymer film on the first layer and exposing, 
photo setting and developing the photopolymer film to 
form a photo-set film with via holes formed at pre- 

5 determined positions. Then, by use of the photo-set 
film of the above photopolymer as an inter-layer insu- 
lation film, a second layer wiring pattern is formed on 
the inter layer insulation film and via-holes. The photo- 
polymer film forming processes and wiring pattern 

10 forming processes can be repeated in turn to form a 
multi-layer wiring pattern. 

In PUPA No. 61-121393 and PIPA No. 61- 
127196, a method is described which uses the above 
insulation layer etching method to form wiring pat- 

15 terns of materials such as copper or chromium on the 
surface of an insulation layer by plating, sputtering, or 
evaporation and, at the same time, makes the via hole 
portions conductive in order to electrically connect 
with a lower layer conductor pattern. 

20 The steps involved in the plating pillar method are 
shown in Figure 5 (a) to (h). In this method, a metal 
film for lower layer wiring circuit 103 is deposited on 
a substrate 101 blanket coated with polyimide resin 
using film forming techniques such as sputtering. A 

25 lower layer wiring circuit 103 is formed by photosen- 
sitive resist coating, pattern exposure, developing, 
resist removing, and etching (Figure 5 (a)). 

Then photosensitive resist 104 is blanket coated 
on the lower layer wiring circuit 1 03 (Figure 5 (b)) t and 

30 selectively removed after pattern exposure and 
development to form a resist hole 105 (Figure 5(c)). 
A plating pillar 1 06 is formed in true resist hole 105 by, 
for example, electroplating (Figure 5 (d)), and then the 
resist 1 04 is removed by use of predetermined solvent 

35 (Figure 5 (e)). Next, polyimide 1 07 is applied thereon 
(Figure 5 (f)), and the surface of the polyimide is 
smoothed by polishing to expose the top of the plating 
pillar 1 06 (Figure 5 (g)). The an upper layer wiring cir- 
cuit 108 is formed thereon by a film forming technique 

40 such as sputtering (Figure 5 (h)). Multi layer wiring can 
be formed by repetition of these processes. 

PUPA No. 61 90496 describes a process in which 
a metal foil for a conductive circuit is deposited on an 
insulation substrate and lower layer wiring is formed 

45 by photoresist coating, pattern exposure, develop- 
ment, plating, resist removal, and etching. Then, a 
polyimide film is formed on the lower layer wiring and 
a through-hole is formed by mechanical drilling or a 
laser in the position desired to be conductive. Next, a 

so plating pillar is formed in the trough-hole by locally 
supplying plating solution and a laser beam. 

PUPA No. 63-43396 describes a process multi- 
layer wiring is produced by forming a lower layer of 
wiring on the entire surface of a multi-layer wiring 

55 alumina substrate, and, after a positive type dry film 
is pressure bonded, a resist pattern is formed through 
exposure and deveiopment Next a plating pillar is 
produced in the formed via hole by electroplating, and 
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the plating resist pattern is removed by solvent. 

An insulation layer is applied thereon, the surface 
of the insulation layer is ground to expose the top of 
the plating pillar, another insulation layer is applied 
thereon, a resist hole of a desired diameter is formed s 
in this insulation layer, copper is sputter coated in the 
resist hole and on the surface of the above insulation 
layer, and the necessary circuit pattern is formed by 
etching to obtain multi-layer wiring. 

PUPA No. 63-244797 describes a process in 10 
which a positive-type dry film is laminated onto an 
aluminum substrate (which has a lower-layer wiring 
pattern formed thereon) to form a resist pattern. Res- 
ist holes are formed by exposure and development 
and then the resist holes are plated with copper sul- 1 s 
phate to form a plating pillar, before removing the 
remaining resist with acetone. The pillar is then 
coated with a polyimide insulation layer, the surface 
of the insulation layer is polished to expose the head 
of the pillar, and a copper layer is deposited on the 20 
surface of the insulation layer and the head of the plat- 
ing pillar with sputtering apparatus to form a desired 
wiring pattern. 

PUPA No. 61-179598 describes a process in 
which a wiring pattern of copper is formed on a 25 
ceramic substrate a lower layer of wiring and then a 
photoresist pattern is formed thereon by use of ordi- 
nary photolithographic technique. Next, the lower wir- 
ing layer surface exposed through a photoresist hole 
is electroplated to form a plating pillar. The entire exp- 30 
osed surface of the above plating pillar and the sub- 
strate is coated with polyimide resin, and a specified 
pressure is applied from the surface of the insulation 
layer toward the substrate in order to make the insu- 
lation layer surface layer. Then an upper wiring layer 35 
is deposited in a specified position on the insulation 
layer surface to form wiring. 

PUPA No. 62-263645 describes a process in 
which a chrome layer and a copper layer, having been 
blanket-coated in turn on a substrate, are etched to 40 
form a predetermined pattern. Then a positive photo- 
resist is blanket- applied onto the copper layer, and an 
opening (via hole) is formed by exposure and 
development of the resist. The positive photoresist is 
siiicated. a plating pillar is formed in the opening by 45 
dipping the opening in a molten solder bath the siii- 
cated resist remaining as a solder barrier, and upper- 
layer wiring is connected to the pillar. 

PUPA No. 50-2059 describes a process in which 
an insulating substrate such as ceramic is coated with 50 
a copper layer as a lower-layer wiring, a photoresist 
film is deposited thereon, and a resist hole is formed 
by exposing the photoresist to light and then develop- 
ing it. A conductive material (plating pillar) such as 
copper is deposited in the hole by electro plating, the 55 
residual photoresist is then removed and an insulating 
material such as epoxy resin is deposited. Next a cop- 
per layer is electroless plated on the conductive and 



insulating materials in order to effect interiayer con- 
nection. 

To electrically connect a first electric circuit wiring 
and a second electric circuit wiring, alignment be- 
tween the first electric circuit and the conductive con- 
necting pillar must be accurate. In the above 
insulation layer patterning methods there exists a pat- 
tern aligning enror between the first electric circuit and 
the pillar and hence the pillar diameter must be 
enlarged in accordance with the possible error, or, as 
shown in Figure 4, the size of the first electric circuit 
13 must be larger then the diameter of resist hole 15 
or conductive pillar 106, and, thus, the electric circuit 
formation density cannot be increased. 

The above plating pillar method has drawback in 
that photosensitive resist is applied to form a circuit 
pattern, it is exposed, developed and removed, and 
then an additional process of applying resist and 
removing it again is be carried out during formation of 
the resist hole. 

It is an object of the invention to make inter-layer 
connection between layers of a multi-layer substrate 
possible in high density electric circuits by preventing 
mismatching in position between the first electric cir- 
cuit and the conductive pillar. In the proposed tech- 
nique photoresist is applied once but utilized in two 
pattern exposure/development processes. 

Another object of the invention is to decrease the 
number of processes in the manufacture of a mul- 
tilayer wiring board by omitting the additional photo- 
sensitive resist removing and applying processes, 
and instead using the same photoresist during both 
the formation of the resist hole and the formation of 
the first electric circuit pattern. 

Viewed from a first aspect, a method for manufac- 
turing a multi-layer wiring board is provided in which 
interiayer connection is made between a first electric 
circuit and a second electric circuit, both electric cir- 
cuits being formed on a substrate, comprising the 
steps of applying a metal layer onto said substrate 
and a photoresist onto said metal layer and then par- 
tially removing said photoresist to produce a resist 
hole, said method being characterised by the steps of 
selectively exposing the remaining photoresist in 
accordance with a desired pattern for said first electric 
circuit; forming a conductive pillar in said resist hole; 
removing the exposed remaining photoresist to reveal 
corresponding regions of said metal layer and etching 
said regions to partly expose the substrate and to form 
said first electric circuit; removing all remaining photo- 
resist and applying an insulation layer onto said first 
electric circuit, the exposed substrate, and said con- 
ductive pillar, such that only one end of said conduc- 
tive pillar remains exposed; and applying a second 
metal layer onto said insulation layer and the exposed 
end of said conductive pillar to form said second elec- 
tric circuit 

Alternatively, the step of selectively exposing the 
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remaining photoresist can be carried out after the step 
of forming a conductive pillar. 

Viewed from a second aspect, a multilayer wiring 
board is provided which has been produced in accord- 
ance with the method of the present invention. 

Using the method of the present invention the pil- 
lar constituting a connection between the first and 
second electric circuits is formed before the first elec- 
tric circuit is formed, and hence there is no possibility 
of a shift in position between the pillar and the first 
electric circuit Furthermore, it is possible to re-use the 
positive photoresist applied when forming the pillar in 
order to form the first electric circuit. 

The present invention will be described further, by 
way of example only, with reference to an embodi- 
ment thereof as illustrated in the accompanying draw- 
ings, in which: 

Figure 1 (a) to (h) are process diagrams showing 
the steps necessary to produce a multilayer wir- 
ing board according to the preferred embodiment 
of the present invention; 
Figure 2 is a schematic view showing the overlap- 
ping condition of a conductive pillar and lower- 
layer circuit pattern in accordance with the 
preferred embodiment; 

Figure 3 (a) to (g) are process diagram showing 
the steps involved in the conventional insulation 
layer etching method; 

Figure 4 is a schematic view showing the overlap- 
ping condition of a conventional conductive pillar 
and lower layer circuit pattern; and 
Figure 5 (a) to (h) are process diagrams showing 
the steps involved in the conventional plating pil- 
lar method. 

An embodiment of the invention will be explained 
with reference to Figure 1 (a) to (h). 

As shown in Figure 1 (a), a 30nm copper blanket 
layer 2 is deposited on an organic substrate 1 by use 
of a known film forming technique such as deposition, 
sputtering, or electroless plating. Then, a positive res- 
ist 3 is applied on the copper layer 2 (Figure 1 (b)). Any 
photoresist generally available, such as AZ1350J 
(Sipley Co.), TNS (IBM Corp.), and PMER-P 
(Tokyooka Ltd.), can be used. It is usually applied by 
brushing, spin coating, or immersion. 

Then, the positive photoresist 3 is exposed 
through a mask (not shown), the via pattern section of 
the mask being opaque, and all other sections being 
transparent (Figure 1 (b)). Then the photoresist is 
developed, and the resist area corresponding to the 
area where a conductive connecting pillar is to be for- 
med is removed to produce a resist hole 4. This par- 
tially exposes the copper layer 2 where a lower layer 
wiring assembly is to be formed (Figure 1 (c)). 

In order to define the lower layer circuit pattern, 
the residual positive photoresist 3 is again exposed 
through a mask (not shown), the wiring pattern section 
of the mask being opaque, and all other sections 
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becoming transparent (Figure 1 (c)). Alternatively, the 
lower-layer circuit pattern can be defined after the pil- 
lar has been formed, by exposing the residual positive 
photoresist ,as above, but after formation of the pillar. 
5 The pillar 5 comprising copper, tin, or solder plating is 
formed in the resist hole 4 by electro-plating (Figure 
1 (d)). When etching the lower-layer wiring assembly 
comprised of copper as described later, then in order 
to prevent etching of the copper pillar 5, the copper of 
10 the pillar is covered with either tin, solder plating, elec- 
trodeposited coat film, or electrodeposited positive 
photoresist film. When the residual photoresist 3 has 
been developed with alkaline developing solution 
such as NaOH and TMAM, the portions of the photo- 
15 resist exposed in accordance with the lower-layer cir- 
cuit pattern are removed. This partially exposes the 
copper layer 2 from which the lower-layer wiring sec- 
tion is to be formed. The exposed portions of the cop- 
per layer 2 are etched using a wet etching technique 
20 in which the exposed regions are immersed in, for 
example, a mixed sulphuric acid and hydrogen 
peroxide etching solution at 50°C for 2 min 30 sec. If 
the substrate 1 is composed of ceramic, silicon, or 
glass, then instead of wet etching, dry etching may be 
25 employed using a known gas, such as Ar and CF 4t 
suitable for the material to be etched. The etching pro- 
cess partially exposes the surface of the substrate 1, 
and hence defines a lower-layer electric circuit 6 (Fig- 
ure 1 (e)). By the above process the pillar 5 and the lo- 
30 wer-layer electric circuit 6 are produced in exact 
alignment with each other as shown in Figure 2. After 
the lower-layer electric circuit 6 has been formed, the 
photoresist 3 is removed with solvent 

Next an organic insulation resin 7, such as epoxy 
35 resin, polyimide resin, or BT resin (bismaleimide-tria- 
zine resin), is blanket applied, dried and set so as to 
cover the surfaces of the organic substrate 1, pillar 5, 
and lower layer electric circuit 6 (see Figure 1(f)). 
Then, the surface of the organic insulation resin 7 is 
40 polished with a belt sander (a rotary polishing 
machine with and paper rolled in belt form) and a 
brush polishing machine (a polishing machine having 
a brush with abrasive grain applied to it) to expose 
head of the via bump 5. An upper electric circuit metal 
45 layer 8 comprising copper is then deposited thereon 
using a known film forming technique such as electro- 
plating (Figure 1 (g)). Alternatively a thin metal layer 
can be formed on a substrate such as of ceramic, sili- 
cone, or glass, using a film forming technique such as 
so sputtering or evaporation. By the above steps electri- 
cal contact is produced between the lower-layer elec- 
tric circuit 6 and the upper-layer electric circuit 8 via 
the pillar5. Multi-layer wiring can be formed by repeat- 
ing this process. As shown in figure 1(h), instead of 
55 forming an upper layer electric circuit metal layer, an 
upper layer electric circuit can consist of an electronic 
part 10 connected to the pillar 5 with solder 9. The pil- 
lar can be formed solely from copper, or with solder 
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or tin on the cooper, and its thickness can be changed 
as required. If the pillar 5 is formed with solder plating, 
the thickness of the pillar can be controlled as 
required, and an electronic part can be directly moun- 
ted on the pillar. 5 

In the preferred embodiment positional shift be- 
tween the lower-layer electric circuit and the pillar is 
eliminated. The technique does not require an 
increase in size of the circuit, and so an electric circuit 
of higher density can be attained. In addition, by using 10 
the same photoresist to form both the pillar and the 
lower layer circuit pattern, the extra process of apply- 
ing and removing photoresist for formation of the pillar 
in the prior art method can be omitted, and hence the 
number of manufacturing processes can be dec- 15 
reased. 



strate(1); 

blanket coating said photoresist (3) onto said 
metal layer(2); 

exposing and developing said photoresist (3) to 
remove a portion of said photoresist thus defining 
a resist hole (4); 

selectively exposing the residual photoresist 
remaining after the exposure and development 
step to define a desired circuit pattern in accord- 
ance with said first electric circuit; 

forming said conductive pillar (5) in said resist 
hole (4); 



developing and removing the exposed residual 
photoresist; ' 

etching the metal layer exposed by the develop- 
ment of said residual photoresist to form said first 
electric circuit; 

removing said photoresist from on the metal layer 
constituting said first electric circuit 

blanket coating an organic insulation layer (7) on 
said first electric circuit (6), the substrate exposed 
by etching and said conductive pillar (5); 

flattening the surface of said organic insulation 
layer (7) to expose one end of said conductive pil- 
lar (5); and 



Claims 

1. A, method of manufacturing a multilayer wiring 
board in which interiayer connection is made be- 
tween a circuit electric circuit and a second elec- 
tric circuit, both electric circuits being formed on 
a substrate (1), comprising the steps of applying 
a metal layer (2) onto said substrate (1) and a 
photoresist (3) onto said metal layer (2) and then 
partially removing said photoresist (3) to produce 
a resist hole (4), said method being characterised 
by the steps of: 

selectively exposing the remaining photoresist in 
accordance with a desired pattern for said first 
electric circuit; 

forming a conductive pillar (5) in said resist hole 
(4); 

removing the exposed remaining photoresist to 
reveal corresponding regions of said metal layer 
(2) and etching said regions to partly expose the 
substrate (1) and to form said first electric circuit 
(6); 

removing all remaining photoresist and applying 
an insulation layer (7) onto said first electric circuit 
(6), the exposed substrate, and said conductive 
pillar (5), such that only one end of said conduc- 
tive pillar remains exposed; and 

applying a second metal layer (8) onto said insu- 
lation layer (7) and the exposed end of said con- 
ductive pillar to form said second electric circuit 

2. A method as claimed in Claim 1 , comprising steps 
of: 

blanket coating said metal layer (2) onto said sub- 



depositing another metal layer (8) or an electronic 
part (10) on the exposed surface of said organic 
insulation layer and said conductive pillar to form 
said second electric circuit 



40 

3. A method as claimed in Claim 1 , comprising steps 
of: 



blanket coating said metal layer (2) onto said sub- 
45 strate(1); 

blanket coating said photoresist (3) onto said 
metal layer (2); 

so exposing and developing said photoresist (3) to 
remove a portion of said photoresist thus defining 
a resist hole (4); 

forming said conductive pillar (5) in said resist 
55 hole (4); 

selectively exposing and developing the residual 
photoresist remaining after the exposure and 
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development step to define a desired circuit pat- 
tern in accordance with said first electric circuit; 

etching the metal layer exposed by the develop- 
ment of said residual photoresist to form said first s 
electric circuit; 

removing said photoresist from on the metal layer 
constituting said first electric circuit; 

10 

blanket coating an organic insulation layer (7) on 
said first electric circuit (6), the substrate exposed 
by etching and said conductive pillar (5); 

flattening the surface of said insulation layer (7) 15 
to expose one end of said conductive pillar (5); 
and 

depositing another metai layer (8) or electronic 
part (1 0) on the exposed surface of said organic 20 
insulation layer and said conductive pillar to form 
said second electric circuit 

4. A method as claimed in any preceding Claim, 
wherein said photoresist (3) is a positive photo- 25 
resist 

5. A method as claimed in any preceding claim, 
wherein, if said conductive pillar consists of the 
same material as said metal layer, a protective 30 
film consisting of a different material to that of said 
metal layer and conductive pillar is formed on the 
conductive pillar before said metal layer is 
etched. 

35 

6. A method as claimed in any preceding Claim, 
wherein said metal layer (2) and second metal 
layer (8) are copper layers. 

7. A method as claimed in Claim 5, wherein said 40 
metal layer (2) and conductive pillar (5) are made 

of copper, and said protective film comprises 
either tin, solder plating, an electrodeposited coat 
film, or an electrodeposited positive photoresist 
film. 45 

8. A method as claimed in any preceding claim, 
wherein said conductive pillar is formed by elec- 
tro-plating. 

50 

9. A multilayer wiring board produced according to 
a method as claimed in any preceding claim. 
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